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Abstract
Objective—To examine the potential impact of a policy of selective referral to high-volume knee
replacement hospitals on patient-hospital travel distance and access to care for patients seeking
total knee replacement (TKR) in urban and rural settings.

Methods—The travel distance required for patients to reach their hospital and the additional
travel distance required to reach the nearest high-volume hospital were analyzed using a 100%
sample of Medicare fee-for-service patients undergoing TKR in 2001.

Results—Of the 183,174 TKR performed in the US during 2001, 95% of patients selected
underwent TKR at a hospital that was located within 50 miles of their residence. There were
11,550 patients who had their TKR performed at a low-volume hospital (LVH) where there was
no nearer high-volume hospital. The impact of a policy that would direct patients to high-volume
hospitals varied by region. In urban areas, the nearest high-volume hospital was a median 3.8
miles further than LVH of service. Patient factors, race and poverty, were associated with
selection of LVHs in urban areas. In rural areas, 1,506 patients would have had to travel more than
50 miles and 259 patients would have had to travel more than 100 miles to reach a high-volume
hospital.

Conclusions—A policy to direct patients away from LVHs could increase patient-hospital
travel time in rural areas and restrict access of minority and low-income patients in urban areas.
Any implementation of selective referral to high-volume centers should address access to hospitals
for rural patients, urban minority and poor patients.

Introduction
Several studies have shown that hospitals with higher surgical volumes are associated with
lower complication rates following a variety of surgical procedures, including coronary
artery bypass grafting, colon cancer resection, prostatectomy and aortic aneurysm repair (1–
12). These findings have led some organizations to advocate selective referral to high-
volume hospitals in order to improve the quality of care for certain high-risk procedures
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such as cardiac surgery (13). A similar relationship of hospital volume to outcomes
following total knee replacement (TKR) has been documented, with decreased rates of
mortality, pulmonary embolism and infection at high-volume hospitals compared to low-
volume hospitals (LVHs) (6;7;10;11). Higher TKR surgical volumes have also been
associated with greater cost-effectiveness (15). These relationships persist after correcting
for patient characteristics such as age, gender, comorbidity, race/ethnicity, and insurance
type.

Medicare restricts care for certain procedures (eg. carotid artery stenting, bariatric surgery,
lung volume reduction surgery) to Centers of Excellence (16). If Medicare or other insurers
adopted such a policy to knee replacement surgery it may lead to reduced utilization at low-
volume hospitals.

While referral to high-volume hospitals has theoretical benefits, there may be unanticipated
consequences. Prior studies have shown that a large proportion of patients receive care at
LVHs. (10;11;16) Among hip replacement patients, Losina and colleagues reported that
rural and suburban patients had longer travel distances when selecting high-volume centers
over LVH (18) and postulated that travel distance might deter patients from undergoing
elective surgery (19).

The purpose of this study is to examine the potential impact that a policy of selective referral
to high-volume hospitals might have on increased travel distance for patients living in urban
and rural settings seeking TKR. The travel distance required for patients to reach their
hospital of service and the additional travel distance required to reach the nearest high-
volume hospital were analyzed using the 100% sample of Medicare fee-for-service patients
undergoing TKR in 2001.

Methods
Data source

From the Medicare Provider Analysis and Review (MEDPAR) administrative records, all
joint replacement surgeries identified by DRG 207 or 471 were requested for the for 100%
fee for service sample of patients residing in the 48 contiguous states (excluding Alaska and
Hawaii) and the District of Columbia. ICD-9 codes 81.54 or 81.55 were subsequently
selected to identify TKR patients. Matching denominator file data were requested. Data files
from 2001 were used for study analyses. Data files from 1996 to 2000 were used to define
LVH as described below.

Outcomes
Determination of Hospital Volume—Based upon prior literature (14), a LVH was
defined to be any hospital that performed fewer than 25 Medicare TKR per year for at least
3 of the preceding 5 years (between 1996 and 2000).

Patient to hospital travel distance—For patients undergoing TKR in 2001, patient
residence was approximated using the centroid location of the patient’s residential 9-digit
zip code. The 9-digit zip code locates residences to city blocks or high density apartment
buildings. When the 9-digit zip code was not available (7% of residences), the centroid of
the 5-digit zip code was used as an approximation of the patient residence.

For hospitals conducting at least 1 TKR in 2001, their address was identified from their
corresponding cost report.
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All patient and hospital locations were geocoded using ArcView 9.0 software (19).
Illustrative maps for urban and rural regions were prepared identifying LVH, non-LVH
along with patient residence. The travel distance between the patient residence and their
hospital of service and the travel distance between patients and the nearest high-volume
hospital was calculated using the ArcView network extension.

All patient addresses were subsequently defined to be located in an urbanized area, urban
cluster or rural area using US 2000 census definitions (19). Urban regions are defined as
census blocks or groups that have a population density of at least 1,000 people per square
mile and surrounding blocks have at least 500 people per square mile. Urban areas have at
least 50,000 people while urban clusters have at least 2,500 people but less than 50,000
people. Rural areas are all other areas that are not specified as above. All these areas are
identified in the ArcView spatial analyst (21).

Statistical analyses—The number of TKR hospitals and number of TKR performed
during 2001 were tallied by hospital volume for the 48 contiguous states, and also stratified
by rural and urban residence. For patients undergoing TKR at a LVH who did not have a
high-volume hospital located closer than the hospital of service, the travel distance to the
LVH of service and median, 75th, 90th, 95th percentile and maximum travel distances to the
nearest high-volume hospitals were calculated for the nation, state and urban/rural region.

Covariates—Patient demographic factors included age at the time of surgery, gender and
race (Caucasian, African-American and other). We used socio-economic indicators
including patient receipt of state aid and median income for each 5-digit zip code from the
2000 US Census.

Patient medical characteristics included the original reason for Medicare entitlement
categorized as aged, disabled, end-stage renal disease, or disabled and end-stage renal
disease. Medical comorbidities were identified from the 10 MEDPAR diagnostic codes and
categorized into 17 hierarchical categories using the Charlson comorbidity index. (22) Type
of surgery was categorized as primary vs. revision and unilateral vs. bilateral.

Multivariate analyses—To compare patient characteristics at high vs. low-volume
hospitals, logistic regression models were used. For national analyses, models were stratified
by region. To evaluate for significant difference across regions, a single national logistic
model was also calculated interacting region with each of the other independent variables.
All multivariate analyses accounted for clustering of results within hospital.

Results
During 2001, 3,214 hospitals performed 183,174 TKRs on Medicare patients in the 48
contiguous states and District of Columbia (Table 1). There were 1,390 hospitals that met
our definition for a low-volume of TKR (43% of all TKR hospitals). These LVH performed
17,484 TKR (9.5% of all TKR performed). A total of 5,934 patients travelled past a high-
volume hospital to receive TKR at their LVH of service. A policy to reduce utilization of
LVH would not affect travel distance for these patients, and they were therefore dropped
from subsequent distance analyses. Of the remaining 11,550 receiving care at a LVH, the
median travel distance to the hospital of service was 4.2 miles. The median travel distance
patients would need to travel to reach the nearest high-volume hospital would be 23.6 miles
(Table 1). Ten percent of patients would have to travel 55 miles or more to the nearest high-
volume hospital. (See Table A-1 in Appendix.)
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The travel distance for patients to reach the nearest high-volume hospital varied significantly
by region. Specifically, when stratifying LVH by region, urban clusters and rural areas
differed from urban areas. Rural or urban cluster regions had higher proportions of LVH and
higher proportions of patients cared for at a LVH than did urban areas. In addition, rural and
urban cluster regions had fewer patients who bypassed closer high-volume hospitals to reach
their LVH of service. In these regions, the distance to the nearest high-volume hospital was
approximately 30 miles (Table 1). For patients in urban clusters or rural areas the additional
median travel distance required for a patient that had TKR in a LVH to have it in a high-
volume hospital instead was 24.4 and 17.8 miles (Table 1) with the top 10th percentile of
patients (823 patients) driving over 60 miles and the top 5th percentile (416 patients) over 80
miles (Table A-1). In contrast, in urban areas, the additional median travel distance to
nearest high-volume hospital was only 3.8 miles.

For the 11,550 patients served at a LVH that was closer than any high-volume center,
10,044 (87%) had the closest high-volume hospitals located within 50 miles of their
residence (Table 2a). For the remaining 1,506 patients, we divided travel distances into tiers
of 50–74 miles, 75–100 miles, and more than 100 miles. Patient travel distances increased to
a higher tier (as defined above) for all but 55 patients. In total, 259 patients would have to
travel more than 100 miles, and 261 patients would require travel between 75 and 100 miles.
For patients whose LVH was within 50 miles of their home, the nearest high-volume
hospitals was increased to the next tier of 50–74 miles away for 943 patients, 75–100 miles
for 221 patients and more than 100 miles for 207 patients.

Breaking this analysis down further by type of region, 6,731 of 8,237 patients from either
urban clusters or rural regions had a high-volume hospital within 50 miles of their home. For
the remaining 1,506 who did not have nearby high-volume hospital, 986 would have to
travel 50–74 miles, 261, 75–100 miles and 259 more than 100 miles. (Table 2b)

Small area analyses
Patient-high-volume hospitals travel distance varied widely by state (Table 1). In the 8 states
with the most TKR patients (FL, TX, CA, PA, OH, MI, IL, NY), the large majority of
patients had travel distances that did not exceed 50 miles. For geographically larger states,
travel distances for the 90th and 95th percentiles could exceed 90 miles. For example,
Arizona and Colorado are two large states with travel distances greater than 100 miles at the
90th percentile (Table A-1).

For the smaller, more rural states patient travel distances were also large with median
additional travel distances often exceeding 50 miles. However, given the small number of
TKR performed in these states, the absolute number of patients who would need to travel
these distances is few.

Figure 1 illustrates the locations of LVH, high-volume hospitals and the TKR patient
residences for the densely populated Los Angeles region. The majority of this 1,200 square
mile region is classified as an urban area and has 65 LVHs represented by large red circles
(67% of the total 96 TKR hospitals) providing 390 (22% of the 1,808) TKR performed
(small red circles). Of the 390 patients treated at a LVH for TKR, 250 patients (64%) had a
high-volume hospital closer than the LVH of service. For the remaining 140 patients, the
median distance for patients to travel to the nearest high-volume hospitals was 4.3 miles
with the maximum being only 8.6 miles. (Table A of Figure 1) Combining these findings
with those noted above for urban areas, a policy of selective referral to high-volume
hospitals in urban settings would not significantly impact patient to hospital travel distance.
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Notably, the map also shows that LVHs and patients receiving care at LVH are clustered.
Patients receiving care at LVH were more likely to reside in poorer zipcodes than patients
receiving care at high-volume hospitals (small green circles), p < 0.05. Patients receiving
care at LVH were also more likely to be non-Caucasian (50% vs. 24%, p < 0.05), have
disability as their original eligibility for Medicare (24% vs. 15%, p = NS) and be a recipient
of state aid (60% vs. 32%, p < 0.05). (Table B associated with Figure 1).

In contrast to the densely populated LA region, in a rural setting, depicted in Figure 2,
patient to hospital travel distances were much greater. For the much larger area covering
408,000 square miles (scale is 340 times greater while population captured is only twice as
great as Figure 1) the majority of the area shown is rural with small urban areas and clusters
centered on the larger cities (not well visualized owing to the scale of the map). For the area
depicted in Figure 2, there were 34 TKR hospitals performing 1930 TKR. Of these hospitals,
there were 19 LVH (56% of TKR hospitals) that performed 240 TKR (13% of the total TKR
performed). There were 154 patients who had their TKR performed at a LVH and for whom
there was no closer high-volume hospital. The median patient to the LV hospital of service
for these patients was 1.8 miles while their median patient travel to the nearest high-volume
TKR hospital travel distance would have been 99.6 miles. (Table A of Figure 2)

Stratifying travel distance by tier (Table B of Figure 2), patient travel distances increased to
the next tier for all but 34 of these 154 patients if they were to be redirected to the nearest
high-volume hospital. For the remaining 126 patients whose LVH was within 50 miles of
their residence, the nearest high-volume hospitals increased the tier to 50–74 miles away for
17 patients, 75–99 miles for 27 patients and more than 100 miles for 60 patients.

Patient travel distance was the primary factor associated with selection of LVH in this rural
area as there were few differences in patient characteristics by type of hospital with the
exception of more patients undergoing revision surgery at high-volume hospitals. (Table C
associated with Figure 2.)

To evaluate if the above associations were similar across other regions of the US, we
stratified the total TKR population by urban and rural regions (Table 3). The associations
noted in the Los Angeles area were observed in other urban areas. Urban African-American
and other non-Caucasian patients were 1.5 and 2.3 times more likely to receive their care at
a LVH than Caucasian patients (p < 0.0001 for both). Urban patients receiving state aid were
2.2 times more likely to receive their care at a LVH than urban patients not receiving state
aid. Association between patient characteristics and type of hospital in urban clusters and
rural areas was less prominent with the exception of patients undergoing revision surgery
which had significantly stronger association with high-volume hospital.

Discussion
Given the freedom to choose which hospital to receive their care, 95% of patients chose a
hospital that was within 50 miles of their residence. The primary factors associated with
selection of high and low-volume hospitals differ between rural and urban regions. Travel
distance is the predominant factor in remote rural regions whereas race and socio-economic
status are the strongest correlates in urban areas.

One approach proposed for improving the overall quality of care for other high-risk surgical
procedures is the selective referral of patients to higher-volume hospitals. The Leapfrog
group has advocated volume standards for certain high-risk surgical procedures including
TKR.(13;16) However, for TKR, there is limited data on optimal strategies for improving
the quality of care for patients treated at low-volume institutions. (23)
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If such a policy (selective referral to high-volume hospitals) were implemented it is not clear
how it would impact patient care. Except in rural areas, for most patients selective referral to
high-volume care would not result in unmanageable travel distances. However, in rural
regions some patients would be required to travel distances of greater than 50 or 100 miles,
though the absolute numbers of patients affected would be small. Patients with longer travel
distances might be dissuaded from considering TKR.(18) The lost benefits in patient quality
of life from forgone surgeries might outweigh any potential benefits from shifting care to
high-volume hospitals. To understand this utility tradeoff more clearly, better understanding
about the willingness to consider surgery as a function of distance and the marginal benefits
of receiving surgery at a high volume center are needed.

In urban areas, patient travel distance to high-volume hospital is not an issue. However, as
reported by other authors (16;24;25), it is clear that socio-economic factors are associated
with selection of low-volume hospitals. As all patients studied were Medicare fee-for-
service, the associations observed could be mediated through other pathways such as
patients’ primary care or orthopedic physician hospital affiliation. Therefore, it is possible
that selective referral to high-volume hospitals where poorer patients may not have access to
physicians with affiliation to high-volume hospitals could lead to reduced access where
switching hospitals (or doctors) might not be an option.

The findings and interpretation are limited by the potential inaccuracies of administrative
data. Though patient addresses are updated annually, there may be inaccuracies in residence
at the time of surgery attributable to change of address or multiple residences. While 6.8%
of residences had only 5-digit zipcodes (missing 9-digit zipcode), a greater proportion of
these (60%) came from rural areas (which represent only 32% of TKR cases). To perform
sensitivity analyses, we re-ran the analysis excluding residences with missing 9-digit
zipcodes. The resulting patient to hospital median distances for rural residents changed by
less than 0.3 miles. Other limitations of the administrative data include the lack of data
available on patient marital status, driving preferences, or ability to utilize nearby family or
other social support to facilitate care.

The findings of this study quantify how the elimination of TKR at low-volume hospitals
would increase the travel distance for a significant number of patients in rural areas and may
decrease access for poorer and minority patients in urban areas. Restricting access to a
highly effective procedure (even if outcomes are slightly poorer at LVH) may not be optimal
policy if it discourages utilization. Any implementation of selective referral to high-volume
centers should explicitly address issues of access for rural, minority and lower socio-
economic status populations. An alternative approach to improving quality of care may be to
identify and disseminate the processes of care that lead to better outcomes at high-volume
centers. (26)

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Summary points

• Better patient outcomes have been associated with higher surgical volumes.

• Urban minority and poor are more likely to receive care at low-volume
hospitals.

• Selective referral to high-volume hospitals would increase patient-hospital travel
distances for select rural patients.

• Rural patients, minority and poor urban patients could be adversely affected by
a policy to reduce utilization of low-volume hospitals.
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Figure 1. Los Angeles Region 2001 TKR Patient Residence, Low and High Volume Hospital
Locations

Table A

Travel Distance from Patient to Hospital

Number
of TKR
patients

TKR
patients

discharged
from LVH
…and no

nearer
high-

volume
hospitals

Distance from patient residence to

LVH Hospital of
service nearest High Volume TKR Hospital

All patients 1808 Mean Median Mean Median P75 P90 P95 Max

 LVH patients 390 7.3 4.7

 … and no
nearer HVH

140 2.3 2.2 4.5 4.3 5.7 6.6 7.7 8.6

Table B

Descriptors of patients at High and Low Volumes

High Volume
Hospital (n = 1,418)

Low Volume
Hospital (n = 390)

Odds Ratio of LVH
selection

Age mean (s.d.) in years 74.2 (8.1) 72.2 (8.9) 1.00

Female (%) 71.5 73.5 1.12

Race/Ethnicity (%)

 Caucasian 76.8 50.3 (Referent)

 African-American 9.0 15.3 1.59*

 Asian 3.7 11.7 3.27***
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High Volume
Hospital (n = 1,418)

Low Volume
Hospital (n = 390)

Odds Ratio of LVH
selection

 Hispanic 8.0 17.9 1.82***

 Other 2.6 4.9 2.01***

Original reason for Medicare eligibility†

(%)

 Aged 84.6 75.8 (Referent)

 Disabled 15.3 23.7 1.26

State aid recipient (%) 32.1 60.2 1.79***

Median Income, Mean (s.d) in $000 46.7 (16.9) 41.3 (15.1) 0.99***

Revision (vs. Primary) TKR 8.4% 7.4% 0.74

Charlson mean number of comorbidities
(s.d)

0.65 (1.0) 0.73 (1.1) 1.01

*
p < 0.05

†
Does not sum to 100% (Renal Disease excluded)
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Figure 2. Rural state 2001 TKR Patient Residence, Low and High Volume Hospital Locations

Table A

Travel Distance from Patient to Hospital

Number
of TKR
patients

TKR
patients

discharged
from LVH
…and no

nearer
high-

volume
hospitals

Distance from patient residence to

LVH Hospital of
service nearest High Volume TKR Hospital

All patients 1,930 Mean Median Mean Median P75 P90 P95 Max

 LVH patients 240 34.2 6.6

 …and no
nearer HVH

154 20.1 1.8 93.5 99.6 120.5 138.7 156.0 218.5

Table B

Distribution of distance to hospital of service and distance to closest high volume hospital
for beneficiaries residing in above figure that had TKR in low volume hospital and had no
nearer high volume hospital, 2001.

Distance to Hospital of Service

Distance to closest high-volume hospitals

Total
Less than 50

miles 50 – 74 miles 75 – 99 miles
More than 100

miles

 Less than 50 miles 22 17 27 60 126

 50 – 74 miles 7 2 6 15
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Distance to Hospital of Service

Distance to closest high-volume hospitals

Total
Less than 50

miles 50 – 74 miles 75 – 99 miles
More than 100

miles

 75 – 99 miles 3 8 11

 More than 100 miles 2 2

Total 23 25 32 76 154

Table C

Descriptors of patients at High and Low Volumes

High Volume
Hospital (n = 1690)

Low Volume
Hospital (n = 240)

Odds Ratio of LVH
selection

Age mean (s.d.) in years 73.2 (7.1) 73.2 (7.5) 1.00

Female (%) 63.9 63.9 0.98

Caucasian (%) 98.1 98.4 1.05

Original reason for Medicare eligibility*

(%)

 Aged 88.2 88.5 (Referent)

 Disabled 11.8 11.5 1.08

State aid recipient (%) 6.4 4.5 0.65

Median Income, Mean (s.d) in $000 32.5 (4.9) 31.9 (5.3) 0.99

Revision (vs. Primary) TKR (%) 8.9 3.7 0.41†

Charlson mean number of comorbidities
(s.d.)

0.74 (1.0) 0.80 (1.2) 1.05

*
Does not sum to 100% (Renal Disease excluded)

†
p = 0.0098
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